Investigation of the dependence of physico-chemical and fire hazard properties from the chemical structure of carboxylic acids is carried out. Forecasting of the boiling temperature, the flash point, the temperature and the concentration flammability limits, the heats of combustion and vaporization is performed by the carbon chain rules (CCR
Introduction
In the first part of this series of works it is noted [1] that the rate of accumulation of data on physico-chemical, fire hazard and other properties of organic compounds lag far behind either the process of their production by organic synthesis or extraction from natural raw materials and industrial wastes. In that regard, the calculation methods should reduce at least this imbalance. As part of the solution to this problem, a new direction in chemistry, which was called chemoinformatics, was appeared. This term shall be construed to mean "the use of informatics methods to solve chemical problems" [2] .
Objects, methods and results
The 77 representatives of the class of aliphatic carboxylic acids were selected as objects of study (Table 1) . Data for the normal boiling point (NBP), the flash point (FP), the temperature flammability limits (LFTL, UFTL), the flammability limits (LFL, UFL), the heat of combustion (H comb ) and the heat of vaporization (H vap ) of these carboxylic acids is taken from the Handbook of Yaws and DIPPR 801 database [3, 4] . The Table 1 provides the experimental data highlighted in normal font, prediction of physico-chemical and fire hazard properties -in italic, and the abnormal values that were not considered in the present work -in bold type. Notes. 1,2 Literature data [3, 4] . [3] [4] [5] The calculated values by CCR1, the CCR2 and ACD/Lab. [6] [7] [8] Prediction by equations 9-13.
Continued Table 1 We are developing a new method for the prediction of physico-chemical and fire hazard indices, which is called "the carbon chain rules" (hereinafter referred to as CCR). The approaches of descriptor and comparative methods are combined in the CCR. There are two variants of the CCR: the manual option or the CCR1 and the not manual option or the CCR2. The first one includes the evaluation of properties of substances as the arithmetic average between the values of the indices of the nearest neighbors of homological series, and the CCR2, which involves the use of equations based on the descriptor of the CCC (conventional carbon chain). The CCR framework and the order of application of the CCR1 and the CCR2 methods with examples are given in previously issued material (see [1, 5] and references in these articles). The studied group of compounds was divided into training and control groups to derive equations for CCR2. In the first sample the normal compounds (1)- (13) were included, and the second one consisted of compounds with isomeric structures. As a result of mathematical processing of the training sample data using the M. Excel 2010 program, equations (1)- (8) for predicting the boiling and the flash points, the temperature and concentration flammability limits, the heat of combustion and vaporization of carboxylic acids were obtained (Table 2 ). According to the equations mentioned above the forecast of physico-chemical and fire hazard characteristics of carboxylic acids was performed ( Table 1 ).
The following feature of CCR to predict the properties of organic compounds effectively, which can be described by the general formula R-F, where R is an alkyl substituent, and F is a functional or pseudo-functional group, is revealed as a result of work with CCR. A fragment of a molecule can be considered as a pseudo-functional group [6, 7] . Usually the physicochemical properties of the first member of homologous series differ substantially from the properties of the subsequent compounds [8, 9] . Carboxylic acids are no exception. In particular, pKa formic acid (1) is about 1.4 times less than that of other monoacids because of the strong effect of the carboxyl group [10] . Therefore, it is not surprising that the CCR does not predict the properties of formic acid (1) well, so the properties of this compound were not taken into account in the current study. When predicting the physico-chemical and fire hazard properties of organic compounds, intramolecular interatomic interactions are often taken into account [8, 9, 11, 12] . The CCR is no exception. These interactions are taken into account by the introduction of a systematic (corrective) amendment [1] . In the case of alkane acids, it was found that the second methyl radical in α-position relative to the carboxylic group does not increase the CCC, and in the case of the location of the ethyl, propyl or butyl substituent in α-position the increase of the CCC is adjusted minus 0.5.
The isomerization of the alkyl radical for carboxylic acids, as well as for other classes of organic compounds, which have been previously explored [1, [5] [6] [7] , does not significantly affect the change in the flammability limits and the heat of combustion. That's why, the equations (5)- (7) depending on the total number of carbon atoms in the molecule (N c ), and not on the CCC, are derived for the calculation of parameters mentioned above.
The equations of comparison (9) [15] .
The discussion of results
The results of prediction of physico-chemical and fire hazard properties of carboxylic acids (2)-(77) by CCR1, CCR2 and by comparison methods are given in Table 1 . The correlation coefficient (r), RMSE (Root Mean Squared Error), AARD (Average Absolute Relative Deviation) [16] , average absolute deviation (ɛ) and average square deviation (σ) are chosen as the comparison criteria [11] .
Where y i , x i -calculated and experimental values, n -number of compounds in the sample.
It is seen from the Table 2 
Conclusion
The study finds that the proposed CCR1 and CCR2 methods can be used to calculate the physico-chemical and fire hazard properties of carboxylic acids. According to the accuracy of the boiling temperature, the flash point, the temperature and the flammability limits, the heats of combustion and vaporization of carboxylic acids forecasts, the proposed CCR give better results com- 
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